The possibility of using intense bursts of heavy ions to initiate an inertially confined fusion reaction has stimulated interest in the transport of intense unneutralized heavy ion beams by quadrupole or solenoid systems. We have examined this problem in somne detail, using numerical integration of the coupled envelope equations for the quadrupole case. The general relations which emerge are used to develop examples of high energy transport systems and as a basis for discussing the limitations imposed by a transport system on achievable intensities for initial acceleration.
Summary
The possibility of using intense bursts of heavy ions to initiate an inertially confined fusion reaction has stimulated interest in the transport of intense unneutralized heavy ion beams by quadrupole or solenoid systems. We have examined this problem in somne detail, using numerical integration of the coupled envelope equations for the quadrupole case. The general relations which emerge are used to develop examples of high energy transport systems and as a basis for discussing the limitations imposed by a transport system on achievable intensities for initial acceleration.
Solution of the Envelope Equations
The envelope equations of Kapchinskij and Vladimirskij (KY) arel). Fig. 1 is plotted Q/um and umr for a FODO lattice with equal drift and magnet lengths and a phase advance per period of 1200 at zero intensity. It is evident from the figure and from the form of Eqns. (4) for the solenoid case that, on the basis of these simple considerations, there is no limit to the current which can be transported, provided that the aperture can be made large enough and the variation in individual particle motion with intensity is tolerable. 
Transport at High Energy
As an application of these equations, we consider a situation in which a beam is extracted from an accelerator, passed through a buncher and allowed to drift some distance to shorten the pulse and increase the current to meet the targeting requirements. It is assumed that the rate of increase of current with distance is sufficiently slow that the transverse motion will adjust itself adiabatically to the matched conditions if it is matched at the entrance to the channel, where the current is low. We further assume that the elements at the end which focus the beam onto the pellet are adjusted to accept the phase-space configuration of the peak of the current pulse, which requires that there be a substantial overlap of the phase space ellipses for peak and lower intensities. The quantity, n, also shown in Figure 1 , is the fraction of the zero intensity phasespace area lying inside the higher intensity ellipse, assuming an emittance independent of intensity. It can be seen that requiring p to be larger than, say, 50% sets a definite limit on peak current for a given quadrupole field. On the other hand, the KV distribution has special mathematical properties and we prefer to believe that Eqns. (4) are probably qualitatively correct for more realistic distributions which are probably stable. c) Since the Hamiltonian is not a constant of the motion for a quadrupole transport line, it is not possible to construct stationary (i.e., periodic) solutions by the technique outlined in the previous paragraph. As a partial step away from the KV distribution we examined a "self-inconsistent" problem by tracing individual particle trajectories in a field with a linear part generated by the periodic solution of the envelope equation, plus cubic terms appropriate to a parabolic density profile of the same outer dimensions. For intensities such that 1 is less than .20°, we find a large growth in amplitude of some particles and the development of an island structure in their phase space, indicative of resonant behavior in the periodic non-linear field. We are thereby led to suspect that a quadrupole transport system may be subject to unstable behavior at high intensity. 
